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EXECUTIVE SUMMARY

The Washington State Department of Natural Reso2E&) manages 2.6 million acres of
stateowned aquatic lands for the benefit of current and futdizeos of Washington State. In
addition to the protection of certain habitats and native spdaikR6 s st ewar ds hi p
responsibilities include the restoration of estuaries, shorelines, and bedlands. In the 1970s and
80s thousands of surplus automobile tinese placed on the bottom of Puget Sound with the
intention of attracting reef fisim order toprovidemorerecreational fishing opportunities.
Unfortunately, these scrap tires have not provided the valuable Habitatasintendedand

instead have thpotential to cause more harm than benefit. For this re®¥¢R0 s Aquat i c
Lands Restoration Program has collaborated with the Aquatic Assessment and Monitoring Team
to learn more abouke disposition othesetire reefs with the eventual goal fmovingthem

and restoring the benthos back to its natural state. From 2020X®RIR mappe20suspeted

tire reef sites with a mulieam sonar. Features found in sonar data were confirmed with a towed
video camera.

Key Findings:

1. The largest tire reefn Puget Sundhave up to 22,000 tirdsundle dtogethe with
polypropyleneropeinto groups of up to 24 tires each. Comparatively, the smallest reef
surveyedconsists of approximately66 tires bundled into groups @ijhttireseach

2. Tire reefs can be spreadrass the seafloor to varying degrees. The largest site covered
an area of approximately 7 acemsd thesmallest covered an areaagiproximatelyl
acre

3. The depth at which tires were found varied based on the afupshapef the
surrounding area.

a) Middle Sound sites were more oftcated orsteepeslopes, and so had a greater
range of depths across the reef.

b) South Sound sites in general had gentler sloping bathymetry, and so tire features
could be found within a narrow band of depths that remainatively shallow.

4. Tires were foundbundled with polypropylene line anmliriedatdifferent depthsTires
werein vartying stageof decomposition based on the site

a) South Sound sites teedto have tire features thaereburied deeper in fine
sediment. es atthosesiteswereup to 90%buried and it is likely that there are
additional tireghat were notletecedand remaircompletely buried.

b) Middle Sound sites terd to be buried to a lesser extewhich couldbe due in part
to a greater prevalencé sand and cobble bottom types among sites.
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1 introducti on

11 Background andProjectDescription

Many large artificial reefs were constructed for fishing in Puget Sound between the 1970s
and 80s. These reefs were built by different governmenbhandovernmental

organizations to enhanb®ttomfishing opportunities in the face of curtailed salmon

fishing limits for sport enthusiasts (Williams et. al 201D)ring the 70s, salmon

allocation issues, combined with more restrictive salmon conservadasures, created

an increased interest in recreational bottom fishipgrticularly for rockfish $ebastus

spp.) and lingcodd@phiodon elongatysUnfortunatelythesereefspecies have life history
characteristicshatmake thenvulnerable to overfishg, and they were rapidly depleted

from the few rocky outcroppings in Puget Sound that naturally supporte d Buexkle y

1982).

To ameliorate tademand folocalbottom fishreeffishing, metropolitan centers such as
Seattle, Tacoma, Des Moines, and Bdiats constructed public fishing piers their
waterfrons with funding from theWashington Stategislature (Williams et. al 2010)
Additionally, over a 15/ea period darting in 1975the Washington De partment of
Fisheries (WDF)spearheadette planning for, andconstruction qflargeartificial reefs
adjacento many ofthesefishing piersto attract reef specidsr fishing enthusiastf-igure
1, map of the reefs planned for and installed byWHaF Marine Fisheries Enhancement
Division). To create artificial reefSNDF droppedconcretestructues and rubblebtained
from anthropogenic demolition sites along with natural materials (e.g. quarry boulders and
cobble)ontolow rugosity sededswith the inent toincreaseseabeadomplexityand
attract reef dwelling fish (Stone 1974, Hueckel 1982).

During the same period of time in which these large installmentshedng placechear

metropolitan centersnanysmallerartificial reefs were installed the nearshore

environment throughowRuget Soundb improve bottom fishing opportunitidsr boating

anglersand for the enjoyment of recreational scuba diyBrsckley 1982) For some of

these reefsthe parties responsible for their construction could aatdterminedThose

were | ikely placed by |l ocal Apoggieodo clubs, s
owners (Larry Leclair 2023, pers. comm., June 2). Some reefs were instatkeeliyR

for fish habitat enhancement (Buckle982, GregHueckel 2022pers. comm., Feb)4

1 Now, the Washington Department of Fish and Wildlife.
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Over the decades wide range of materialBave beemised to construetrtificial reefs in

Puget Sound, butarly onthey were primarilyouilt out of used automobile tirescrap

concrete, anduarry rockQuarry rock and scrapacreteadd substantial rugosity and
interstitial space to the seabed and thus bear some resemblance to naturally occurring
rocky reefsIn addition to adding rugosity, the inherently hollow enclosures formed by

tires were presumed to be of added benefiryptic and shelter seeking fish and
invertebrates. Artificial reefs also provided a convenient and inexpensive means to dispose
of waste tirefSherman and Spieler 2006

Tires were often bundled together into modules of different sizes and shapes{HE &

5). Modulesweretypically bound withpropylene rope ofarious lengths and diametehs
the 1970s,lHe DNR used acompressionbanding and cutting machine to bail tires into

A b a rstaekd Figure3) wherebys to 8 tireswere stacked and compressed together with
steel bandstach tire stack was then secured waititlypropylenerope Afterward, the steel
bandswerecut,allowing the tirestackto i r e line &antoveralform, whichincreasd the
available surface aremnd crevassesr reefdwelling speciesFinally, tireswereslicedto
allow for air escapmentwhile the tire modules sank to the bottormLater, he WDF
borrowedthe compression and bandiaguipmentrom DNR for their reef construon
efforts DNR (Hueckel, G. J. 2022. Personal communication February 4)2022

Barrel stacks were often banded together to build laegffeatures such as pyramid
shapesKigure 3). Tireswerealsobanded together in the center to form daisy formations
ortied into loose jumbledformations. In some cases, the bottom row of tires in these
modulesmay have beefilled with cement to keep the entibeindledfeature anchored in
place Figure3). While ballasting tiresand tire reefdn this fashiorhasoccurredin other
parts of the worldthe practicéhas not been confirmed in Puget Sound.

Many reefsthat included automobile tirasere constructed in PagSoundiuringa short
period By 1982 tires were no longer the preferred material duedeeasing cosisothe
WDF switched to using scrap concrete and quarry eocfusively Scrap concrete from
demolishedbridges and buildingserecheapeto souce andess labor intensive to
construct than tirenodules. In addition,reports were receivettiattires snaggedmore
fishing gear than concrete reefs (Department of Army 1983).

There have been growing concerns over the environmental impacts ofitiresl for reef
constructionSherman and Spieler 200@hne first and mosg¢videntof these impacts has
to do withthe longevity of the materiaissed to hold the tires together in modui@ser
time, the marine environment causes materialto degradeandmodulesbreakapart.The
Osborne tire reafear Fort Lauderdale, A& a famous example of a site whéhies has
occurredIn 1967, maty 2 million bandedautomobile tires were placed over 35 acres of
an otherwisdeatureless sandy bottomthe neashoreenvironmentOver time, the nylon
ropeand steel clipholding tires togethdsroke. Thisallowedthe tires tdoe dispersed over
great distanceduringtropicalstorms destroyng fragile coralhabitas in their paths
(Sherman and Spieler 200€)ncetires have broken apart from thewodules they
become increasinglifficult and expensive tbcate and removelo dateonly 165,000

Introduction Mappi ng Puget Soundds Artificial Reef s3 1l denti



tires havebeen removeétom the Osbourne Reef sig a cosbf over 1.6 million dollars
(Fleshler 2015)Due to theincrease in size of the reef footpritite cost to coalesce tires
and removahemby barge and diver have dramatically increased.

In Puget Soundndividual tiresthat have broken frorieir modulesarealso at risk of

being dispersedVhile their dispesal doeshot pose a destructive threat to fradnéerd

coras, it does pose a risk to benthic plants and animals native to Puget Sound. Further,
when moved by currents and storm surge they are at greskterfsettling in positions and
at locations thamake them more susceptible to beconmingpletely buriedadding
substantially to the cost éihding and remoing them Due to their lack of structural
complexity, hdividual tires lying flat on the bottonparticularly when they are partially
buried,provide little or no habitat value to fish. Loose tires are also less likely to allow for
attachedlant andnvertebrate growth due tmnstant or periodic agitation with the seabed
(Guidelines 2020). Moreover, single tires can move into diffede pthzores and
detrimentallyaffectother habitats such afallow wateeelgrassand deep water sea whip
beds A study in Japan found that single tires trappad killedhermit crabssimilar to

how derelict fishing gear or lost fishing nets continue to trapiepdor long periods of

time (Sogabe 2021).

Single tires are also more likely to wash up on shore during storms. Under these
conditions, strewn tires can increase the overall tire reef footprint, and are more susceptible
to weathering. The physichteakdown of tires into smaller piecesreases surface area
andallows noxiouschemicals to leach at higher rates (Aleksandrov et al. 2002). Leachates
such as formaldehyde and petrolebased chemicakeleased from pieces of weathered
tireshave been nasured over six times greater than the standard permissible maximum
limit (PML, Aleksandrov et al. 2002). Other studies have found that in high salinity
environments (compared to freshwaitdéingre are nacutetoxicological risks to resident
organismgdueto leaching of chemicals (Hartwell et al. 199Bpwever,those studieslo

not account for whether lorigrm bioaccumulation of certain chemicaigght beharmful

to the same organisms

Introduction Mappi ng Puget Soundds Artificial Reefs4 1l dentifyi
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hds (17 required)
b from car tires

bad rope fastening:
hd 3 looped through
nds 1 € 2, tied back
ith nylon rope, and
bmbedded in cement
(cement not shown)

Truck tires
(15 required)

TIRE MODULE

ent hole

Air escapem

Figure 2. Bundles of
tires ready to be
deployed at the Blake
Island reef. Photo date
unknown.

Figure 3. An example of a tiremodule banding jig which could be rented from the Bridgestone Tire
Company O 0 i, 204§. Tires barrel joined and secured in pyramid formations like these were found
in many reefs mapped for this project.

Figure 4. Different types of tire modules utilized to enhance structural complexity.
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1.2 Specific Chjective

In the lastseveralyea®NR6 s Aquatic Lands Restoration Te
reports of an increasing number of automobile tires washing ashore at sites nearitenown t

reef locations, suggesting that the reefs are breaking &pgut€5). With the current

understanding regarding negative effebtsttires have in the marine environment, and to

remain consistentwit t he Agencyds own habitat steward:
automobile tires at reef sites on State Owned Aquatic Land (SOAL) in Puget Sound has

become a priority obDNR6s AL RT.

Many of the reefs in Puget Sound constructed after 1982 with scragtrguarry rock,
or other nori tire materials areve ll-knownfishing and diving locations that provide
abundant marine habitat and recreational opportun$iesieof thesequarry or concrete
composed reefare the product of 3@ear lease agreements weén theDNR and the
WDFW. For most of the artificial reefand particularly for tire reefsonstructed prior to
1982, there is minimal information about their location, shape, size, or the maiseidls
when they were constructed. This information,udlahg the precise location and size of
the reefs wasotwell documented, ancbnfirmationis crucial for planning effostto
remove themWhile detailed information for many of the early artificial reefs in Puget
Sound is not available, the WDFW has maiméd an account of the coordinatesrfast
tire reefs that arknownto exist. These coordinates are based on staff knowledge, nautical
charts, andnformation from the recreational fishing and scuba diving commumiile
1).

In the firstphase ddNR6s Tire Reef Mapping Pilot, (2019
withDNR6s Aquatic Assessment and Monitoring Te
comprehensive survey and mapping effortti@entydifferent priority tire reef sites

(Figure6Figure6). The ALRT identified these locations as priority sites based on WDFW
information that suggested they were built of tires, their placement on SOwWltheir

proximity to adjacent state, city, or county owned uplands.

The primary objective of this studyasto first confirm whether tires are present at each
priority site. Additional information thatascollected includd the quantity of tires

presentind theri precise locations, the type and condition of tire modddesdled,broken

or intact),whetheranding materialvas present (rope, chain, steel strap etc.) lélelof

tire decompositionthe extent of burial into natural sediments, grddentificaion of

other nonrtire materials that comprise the reelfable 2 outlines the specific attributes that
DNR desired to establish for each reSifes where bndleshave broken apart and allowed
individual tires to drift from main aggregatiorsdould receive highepriority for removal
thanreefs that remaimtact. Individual tires are much more difficult to find aremoveas
theyoftenlay on theirsidesandare buried withittle visualevidence otheir exstence A
comprehensive understanding of the tire reef characteristics in Puget Sound based on the
information above willallowbDNR6 s ALRT t o select sites as pi
tire removal.

Introduction Mappi ng Puget Soundds Artificial Reefs7 1l denti



Table 1. Preliminary Washington Department of Fish and Wildlife provided coordinates and site

descriptions.

Location Region Latitude Longitude Comments
Driftwood County| North Puget There is a substantial tire reef at this
Park Sound 48.163 -122.67 location.
Fort Worden Pier North Ruget There is a small tire reef just south of tH
Sound 48.1354 -122.761 | Marine Life Center Pier
Mukilteo Oil North Puget
Dock Sound 47.8113 -122.39 Adjacent to private tidelands
Primarily south of the ferry décand
North Puget north of the pipeline, reports from local
Edmonds ) .
Sound divers of tires also located near and un
47.8122 -122.387 | the public fishing pier.
Seattle Public Central Puget Tire bundles located near and under th
Fishing Pier Sound 47.6257 -122.373 | pier.
CentralPuget This rgef is noted on thg naytical charts
lllahee State Park Sound as a fish haven obstruction just south o
47.6126 -122.594 | the town of lllahee.
West Seattle Central Puget There are a substantial number of tire
Artificial Reef Sound 47.557 -122.407 | bundles inshoref the quarry rock reef.
Central Puget This rgef is noted on thg nautical chartd
Tramp Harbor Sound as a fish haven obstruction on the sout
47.4062 -122.429 | shore of Tramp Harbor on Maury Islandg
Des Moines Central Puget
Public Fishing Sound This reef is located just west of the
Pier 47.403 -122.334 | offshore end of the pier.
Many of the tire bundles were recently
Saltwater State | Central Puget rem_o‘_’ed in connectior_1 Wi_th the new
Park Sound art|f|C|aI_ reef con_strucuon, however,
recent dves confirm that there are many
47.3731 -122.328 | remaining.
Old Town Dock Central Puget Lopal divers report several tire bundles
Sound 47.2779 -122.465 | adjacent to the dock.
This reef is noted on the nautical chartg
Carr Inlet South Puget as a fis haven obstruction near
Sound Kopachuck State Park south of Cutts
47.3094 -122.692 | Island.
Solo Point South Puget Tire bundles were reportedly placed at
Sound 47.1379 -122.636 | this location byDNR in the seventies
Tolmie State Park South Puget Local divers report several tire bundles
Sound 47.1249 -122.772 | near the sunken barges.
South Puget This r_eef is noted on the_ nagtical chartg
Case Inlet Sound as a fish haven obstruction just north o
47.2603 -122.863 | McMicken Island.
Thisreef is noted on the nautical chartg
Budd Inlet South Puget as a fish haven obstruction on the east
Sound shore of Budd Inlet south of Burfoot
47.1224 -122.903 | County Park.
Introduction Mappi ng Puget Soundds Artificial Reef s8
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Burfoot County
Park

South Puget
Sound

47.1311 -122.907

Tire bundles were reportedly placed at
this location byDNR in the late sventies
or early eighties. Anecdotal accounts

from local divers would indicate that thq
tires are still there.

Frye Cove County
Park

South Puget
Sound

47.117 -122.961

This reef is noted on the nautical chartg
as a fish haven obstruction north of
Flapjak Point near Frye Cove County
Park on the west shore of Eld Inlet.

East Eld Inlet

South Puget
Sound

47.107 -122.942

No Comments

Figure 5. Pile of tires that have washed ashore from failed reef bundles in Budd Inlet jusbuth of the
Burfoot County Park Reef. These tires havelicesthrough the sidewallsimilar to tires found in other
reefs. The cuts are made tpromote air escapement, whictallows them to sink during placement.
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Figure 6. DNR surveyed 20 priority sites from a list of 40 known coordinates for this study. Original
point coordinate data compiled and provided by the Washington Department of Fish and Wildlife
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2 Met hods

2.1 Priority ReefAttributes

In 2019, AAMT began an effotb accuatelylocate andnaptwentyartificial reefs in
Puget Sound. These reefs were prioritized based on their location on sGtladnd
for their belie vedproximity tostate orother publiclyowned uplandincluding county,
City, or port property

AAMT utilized severahdvancedlata collectiortools including a multibeam sonatr,
underwater towed video camera, and an underwaieote ly operated vehicl&®QV)

equipped withe front facing camerdo map and identify features within each artificial reef.
Usingthesedata, the team was then able to estimate the number of tires, approximate their
mass, and create pmand figures identifying tissandthe type and location aitherreef

features. Table2 shows the vaous reef attributes thatereestablishedand method(s)

usedto collect them

Table 2. Desired Attributes collecting using sonar, towed videar ROV footage.

MultibeamSonar Video ROV
Reef location + +
Reef volume +
Reef height +
Reef depth +
Tire reef area +
Materials present (metal + +
strapping/tires/concrete)
Tire feature ypes + +
Number of tires (tota¢stimate) +
Condition of materials present + +

Methods Mappi ng Puget Soundds Artificial Reefs12 I denti fyin



2.2 Field Collection: Hydrographic Survey

For all20 WDFW priority coordinatesa five-hundredmetersquare survegreawas
mapped with sonaaround each point centddNRS saenty-two-foot-long research vessel
(R/V Neap, equipped with an R2Sonic, Inc. 2020 multibeam sonar syatetimtegrated
navigation systenwvas used for reef mappif2Sonic 202

The 2020sonaris a smalfflat-array multibeam unit that combinasransmitter and
receiver into a single instrument. Thiesignhas several advantages; along with its small
size it also acts as a single reference point for both the transmit and receivewiodes
simplifies thenumberof calculations required by the navigationts@fre (R2Sonic 2021
The 2020 systerhas an onboard surface compwtad navigation sysie - position,
heading, pitchyaw, and roll areall recorded with an Applanix Inertial Motion Unit (IMU)
and Trimble GNSS positioning systeApplanix POS PAC software (Applanix
Corporation 2011} used tgpost processaw motion and heading datallected in tie

field.

We collectechydrographiadata at 400 kHz, with a beam width of 130 degrees. Care was
taken to maintain an absorption spectrum across beam angles between 50 and 90 percent,
and to maintain 50 to 100 percent data overlap betpassesSurveyswere plannedand

carried out withQPS QINSY softwareContinuous surface sound spegasecollected

using an AML Micro X Sound velocity sensor attached at the sonar &addull water
columncasts were taken every 2 hours with a-8dnCastaway CTDAt the end of each

survey, a patch test wasmpleted

Figure 8. R/V Neap with R2Sonic 2020 multibeam sonar system.

Figure 7. Closeup of
R2Sonic 2020 multibeam
sonar head (bottom, grey)
and Applanix IMU (top,
black) with mount (blue).

Methods Mappi ng Puget Soundds Artificial Reef s13 I denti f



2.3 Post Processed Bathymetric Surface

Bathymetic data was cleaned and processed with Q& @software. A processed
position and motioriile was created with Applanix PosPac software and apiedrtrect
raw bathymetric files. Patch tests from fieldllected data weralsoapplied within
Qimera.

A dynamic surface was calculated using the Combined Uncertainty and Bathymetric
Estimator( CUBE) algorithmwithin Qimera from which all point surface daanomalies
were edited by han@alder and Wells 2006). The surface was tagported as a
Bathymetic Attributed Grid (BAG)file. BAG files are a raster format, with each grid cell
assigned a specific depth calculated as an average of the point sBiA&sewere

exported in the NAYD88 (m) vertical datun{NAD 83 (m) horizontal datumwith a
resolutionof 0.25m2.BAGs for each survewere imported into Arc Gl8vhere
topographicaslopeand hillshade fils were createdCosta et. al. 2009Yhe slope layer
assigns a value from zero to ninety degrees which represents the maximum rate of change
from a cellto its neighbors it is a usefulmetricfor identifying featires raised from a flat
surface(ESRI 2021).

Video Collection

A Sea ViewebrandSeaDrop 950towable cameravith a TrimblebrandGlobal
NavigationSatellite System (GNSS) antenngpositionsevery secondjvas used to
validatefeatures identifieéh the sonar survey

RawGNSSdatawas differentially corrected iBPS Pathfinder officbased on the nearest
reliable base station. Corrected point files were convertd& @il text files, for which
comma separated value (.c$il§s were creatednd used for video processing in VLC
Media PlayerDNR staffrecordedhe presence/absencebmithtiresandnontire reef
structure the estimated numbeof tires, tire burial extentsediment typeand he presence
and absence submerged marineegetationThis information wagonverted to
Geographic Information Systems (Gi8ature class formato be overlaid on BAG
surfaces in ArcGIS. Processed video feature classes were usetktaccurately deleate
reef extents and to inform BAG surface feature identity

2.4 Diver Surveys

For fourreefs in South Puget Sou(itblmie State Park, Burfoot County Park, Solo Point,
and Frye Cove County Parldivers from thedDNRG& geoduck compliance program
collectedmeasurements (length, width, height), and automobile tire céumtise
modules . The neasurementthat were collectedere later georeferenced onto BAG
surfaceswhich helped to refine tire density per unit aggalto establish more accurate
estimates ofire quantityfor these sitedn addition,divers collectedsoPro video footage
and photographs of tire modules at these reefs.

Methods Mappi ng Puget Soundds Artificial Reefs4 I denti fyin



2.5 Determining ReefMetricsfrom Field-CollectedData

Estimates foreefsize and shapeere determineftom delineationf reeffeatures within
cleaned multbeam BAG surface Once features were identified in BAG&rious
attributeswere calculatel from the volume and footprint area of these featurasse
attributes includedstimates for reef depth, footprint size, tire numbad tire mass
(Table2).

2.5.1 Distinguishing Automobile Tires from Other Ndnre Featuresn Bathymetric Data

Manyreefs were composed of a mix of automobile tires and other dabwas important
to identify both tires as well aall types of debris incorporated into each reef

The natural substrate among tire reef locations ranged from soft silt to coarsgaaid
mix with large erratic bouldeygnd he first step in estimating reef metrics was to
differentiate tires fromheseother features.

Where towed video data was availahteyasused to ground truth tire features and
delineate them from other reef materials. In this waryformedour knowledge o$ite-
specificfeatures i(e., likelihood of fallen boulders from nearby railroad grade, jetty or
natural presenceys. the likelihood of it being a tire module

Once identified from visual inspection of the BAG imagemg &nd rock features were
separatelylemarcated in ArcGIS by manuallyaging nodes oveahem(Figure9, Figure
10). Nodes were placed no more than 1.5m ajgdinen towed video was not sufficient to
determine deaturea A pot e nt iealdss nodemscused f e at u

Non-tire features that had hard (linear) sides such as concrete blocks, outfalls, concrete
pilings, wood pilings, and submerged bargesre tracedntoas e par ate flinear
polygon feature class.

2.5.2 Tire Feature lume(Minimum Value)

A volumebasedtalculation to determine an estimate of theimumnumber of tires at a
site. To estimate the volume of tires in a rglé tire node featurelasswasbufferedand
dissolvedby 1, 1.5 and 2 nusing the buffer tool in ArcGI®rowith the dissolve tool
The resultingouffer-footprint coveredll identifiedtire features within the reéfFigure
10). This same process was carried out for potential tire nodes.

Afir eef dfeanre gassiasnextmanually delineatetb surroundhe 1.5m tire
nodefootprintandany part of thepotential buffer footprint thadlsoappeared to contribute
to the main reeffFigure11). In some caes, the total reef footprint included other nhtmre
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features such as wooden barges that were intentionally placed at the site to create reef
habitat.

The tire node feature clessand total reef footprint were fed intgogthon scriptedirc

GIS tool, which calculatel the total volume of tireata site. This tool createsa blank
interpolatel version of the BAG surface by cutting out all features within the 1.5m tire
node buffer The voidsare then interpolatedith the elevation voidill function. Next, the
toolsubtractghe flat surfacdrom the originalinaltered BAGsurface a process by which
revealsthe total volume of tires above sediment lefadtailed documentation about this
ArcPro tool is available in supplemental materidfA(DNR, 2020. The averag@olume
produced from 1, 1.5, and 2 m buffers was used in the following steps to calculate tire
guantity from volume

Tire Estimatefrom Volume of Tires Above Sediment Level

To calculate the umber of tires fronvolume,volumewasmultiplied bythe estimated tire
density Guidelineshy theCalifornia Waste Tire Estimatétrogranwere followed(Table

3) (CaRecycle 2021)Thedensity of tires per unit volumieom CalRecycle is based on

the methodof stacking (barrelpr loose)and the total pile heighior tires greater than 15

years oldTable3). Field measurements were usaglace of the CalRecycle estimdte

four South Sound reefwshereDNR divers collected accurate density estimates

Loose stacked formations are those where logsitely tires are placeeh an unorganized

mound. Tires withirthis mound areoftenbound with polypropylene lindBarrel stacked

tires, on the other handrethosebanded with strapping (usually polypropylene line) into a
machineassistedylinder shapefigure13shows barrel stacking for tires stacked upright.
Barrel formations within tire reefaere dropped by boaindare usually laying parallel to

the sediment surfacetheycan be grouped in barrels of three or more to create pyramid
shaped features. Because tires are neatly stacked next to one another in a barrel stack, the
number of tires per unit area is higliean for loose stackingrable 3).

The volumetric based tire estimgtoduced through these methaslgonsidered a

minimum estimate. This is because it does not account for any volume of the tiresrburied
sedimentsTo provide a more accurate range of tires in any, eefaximum extenivas

also established
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Table 3. Passenger and truckire density estimates pem? for tires stored 15 years or longebased on
the height of pile(Calrecycle 2021). Tires were stacked less than threehigh and were either barrel
laced or loose stacked at all sites.

Storage Type Height of Pile

<3m 314.6m >4.6m
Loose Stackig 15.72 18.34 20.96
Barrel Stacking 18.34 20.96 23.58
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Barrel

Figure 13. An example of barrel stacking Image from Calrecycle.gov.

2.5.3 Tire Estimatdrom 1.5m BuffeMaximum Value)

A maximum estimate of tiresasestablished by multiplying the.5m tirenode buffer

feature class by an estimated densitylpetarea §°) in thereef. The estimated density

per unit areavasdetermined bgamplingthreetire modulescoincidingwith video data

within the 1.5m tire node buffer. Tire®r each moduleverecounted in video footage,

andmodule dimensiongere measured from the BAG surfacenelnumber of tires per
unit area in the 1.5m buffeekctionwas then calculateéor four South Sound reefs

whereDNR divers measured tire modules, diver dimensions were used in place of this

methodology. e densityis multiplied by thetotalarea of the 1.5m tire node buffer
feature

020 0 OWwQAYRIOQO Qa wo Q
Where:
6 0€ o0& PG & ¢ BXD "QQQI
00 QQ¢i€0Q QA0 FADEWIEWQQAME O a wi Qi
This maximumvalueaccouns for the buried portions of tires missed in volumetric
analysisbutlikely overestimatethe actualnumker of tires present at any siféhis
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overestimate iextrapolatedvhen it is used for sites where tires are not buaed where
a volumetric analysis is me appropriateStandard error is reported from the tire
guantities calculated frommreedifferent tire densities.

2.5.4 Minimum and Maximum TiréMassEstimates

Estimates of tire mass wecalculatedoy multiplying the tire estimatefsom both volume
and 1.5n buffer calculation®y the approximate masd astandard passenger vehicle tire
(20 Ibs) (CaRecycle 2021).

2.5.5 Minimum and Maximum Distance from Shore

Crossshore dgstance from the beach to reef edges were measutbd GISfrom the
beach/ upland ietrface to the shallowest reef feature (minimum distance) and deepest
(maximum distance) reef feature.

2.5.6 Minimum and Maximum Reef Depth

Average minimum and maximum reef depths were established for both the shallow and
deep sides of the reef. Three meas@metis1from both end of the reefas well as the middle
point were taken to calculate this value.

2.5.7 Reef Footprint

A total reef footprint was created bgnd delineating a boundary around all re etuieses

in GIS (1.5m tire node buffer, linear features e(€igure 11). All features within a
reasonable distance to the main reef were included in this footprint. Potential features
which were separate from the majority of features at axgite likely not partof the
intended reednd werenot included in this polygon.

2.5.8 Estimated Number of Bundles

The number of bundles for a site was estimated by dividing the average number of tires per
bundle(estimated through either diving surveys or video footdgehe maimum tire
value
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3 Results

3.1 General Survey Findings

Reef structure was found at 16 of 20 surveyed réadsife 14), andtires wereconfirmed

or suspe@dat 14 ofthese sitesThe two sites where no tiregere found within reef
structurewere the West Seattle and the Mukilteo Oil Deités. Only largeriprapbouldes

were found at theNest Seattle sitayhereascre osotepilings left over from removed dock
structurewere found at the Mukilteo ODock. Table 4 is a summary of the materials

found at each reef locatioNo reef structure was found at East Eld Inlet, Budd Inlet,

Tramp Harborpr Admiralty Beach sitesThe majority(64%) of sites with confirmed
auomobile tires had other reef materials presddte pendi ng on the site, thi
structure could include concrete blocks, wooden pilings, wooden barges, largp rip
bouldes, andmiscellaneous metal structure or other ref\fghile no tires were capted

in video footage at the Driftwood County Park and Fort Worden sites, features we found in
multibeam datavhich suggest the presence of tires.
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Figure 14. Tire presence and absence for reefs that were surveyed bNR.
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